The purpose of this study was to evaluate the psychometric properties of three questionnaires to measure fatigue with myocardial infarction. The Fatigue Symptom Inventory Interference Scale, Profile of Moods States Fatigue subscale (POMS-F), and Short Form 36 (SF-36) Vitality Scale were completed during hospitalization (n = 116) and 30 days after hospital admission (n = 49). Moderate to strong correlations were found among each of these fatigue scales and between each fatigue scale and measures of other variables to include vigor, depressed mood, anxiety, and physical functioning. POMS-F scores decreased significantly at Time 2, but this decline in fatigue was not validated on the other fatigue scales. Patients' Time 1 scores reflected significantly more fatigue compared to published scores for healthy adults.
Fatigue With Myocardial Infarction
Fatigue is defined as a complex and subjective state involving an extreme lack of energy, which is not simply the result of physical exertion or a lack of sleep (Aaronson et al., 1999; Friedman & Stephens, 2008; Ream & Richardson, 1996) . In 1974, Nixon and Bethell described fatigue as a "precoronary symptom." In later investigations, others identified fatigue as a prodromal MI symptom that may be particularly important in women. In a qualitative study of women's MI symptoms, McSweeney and Crane (2000) found that women reported overwhelming fatigue as their most common prodromal symptom, with the duration of fatigue ranging from a few weeks to 2 years before MI. In interviews with 215 patients (44% women) 3 to 14 days after hospitalization for MI, DeVon et al. (2004) found that fatigue was the second most commonly experienced symptom before MI (second to chest pain) and was reported by 65% of the sample. The duration and severity of patients' fatigue, however, was not reported.
Others have examined the relationships between cardiovascular risk factors and vital exhaustion, which is defined as a state of unusual fatigue, increased irritability, and demoralization (Appels & Mulder, 1988; Schuitemaker et al., 2004) . In a 5-year cohort study in the Netherlands, investigators examined the relationship between vital exhaustion (measured using the Maastricht Questionnaire) and future coronary events. In a sample of 3,877 men from this cohort, vital exhaustion was found to predict future MI when controlling for age, hypertension, smoking, and cholesterol (Appels & Mulder, 1988) . In a subsequent analysis of 2,433 individuals from this cohort (50% women), the presence of vital exhaustion tripled the risk of future MI when controlling for age, gender, systolic blood pressure, total cholesterol, smoking habits, self-reported cardiovascular disease, and diabetes mellitus (Schuitemaker et al., 2004) . The above findings suggest that the measurement of fatigue and vital exhaustion may be useful for identifying patients at increased risk of acute coronary events.
In addition to being a symptom noted before MI, fatigue has also been reported as a burdensome symptom following MI. Alsén, Brink, and Persson (2008) interviewed patients (N = 19, 37% women) 4 months after MI and found that those who scored ≥15 (20 points possible) on at least one subscale of the Multidimensional Fatigue Inventory described that severe fatigue interfered with activities of daily living, cognitive functioning, and social interactions. Consistent with this finding, Varvaro, Sereika, Zullo, and Robertson (1996) found that many women reported chronic fatigue 6 weeks after MI. These findings highlight the presence of persistent fatigue after MI but are limited by the lack of measures to quantify post-MI fatigue severity and duration.
Before investigators can further examine fatigue with MI, they must identify appropriate instruments for measuring fatigue in this population. Fatigue is challenging to measure because fatigue is subjective (requiring self-report) and multidimensional. Piper, Lindsey, and Dodd (1987) defined fatigue as a multidimensional symptom because fatigue involves physiological, behavioral, and cognitive factors. In the setting of MI, there may be dynamic variability in the quality, severity, and timing of fatigue, which may contribute to poor test-retest reliability. There are many instruments designed to measure fatigue; however, only a small number of instruments have demonstrated good psychometric properties or responsiveness to changes in fatigue over time (Whitehead, 2009 ). In addition, fatigue and depressive symptoms are highly correlated (Irvine et al., 1999) ; therefore, it is important to control for depression or depressed mood in studies about fatigue. Other variables, such as sleep and anemia, are important in fatigue research as well, but their influence on fatigue questionnaire scores has not been fully investigated in populations with cardiovascular disease.
In summary, there is evidence that fatigue is a common and early symptom before MI; however, knowledge about the course of fatigue before and after MI is limited by the lack of information about psychometrically sound instruments for measuring fatigue in this population.
Purpose
The purpose of this study was to determine the psychometric properties of the FSI Interference Scale, POMS-F, and SF-36 Vitality Scale in measuring fatigue in men and women with MI at two time points. Time 1 questionnaires were administered during hospitalization, and these scores reflect symptoms in the week preceding hospitalization for MI. Time 2 questionnaires were mailed to participants, and these scores reflect the period of 30 days after hospital admission. We selected the 30-day time period to detect clinically significant changes in fatigue. Theoretically, this time period allowed for patients to adjust to the medications started during hospitalization, in addition to avoiding the confounding influence of aggressive secondary prevention behaviors such as exercise (e.g., cardiac rehabilitation). Cardiac rehabilitation is typically started after follow-up with a cardiologist and approximately 4 weeks after hospital discharge.
We tested the following hypotheses to determine the psychometric properties of the FSI Interference Scale, POMS-F, and SF-36 Vitality Scale:
Hypothesis 1 (Convergent Validity): At Time 1, we expected to find a moderate or stronger positive correlation (r > +.50) between scores on the FSI Interference Scale and the POMS-F because both scales were designed to measure aspects of fatigue. We expected to find moderate or stronger inverse correlations (r > -.50) between the FSI Interference Scale and the SF-36 Vitality Scale and between the POMS-F and the SF-36 Vitality Scale.
Hypothesis 2 (Discriminant Validity-Correlation Matrix):
At Time 1, we expected to find weak correlations (r ≤ .30) between the measures of fatigue and measures reflecting other moods or symptoms (i.e., anxiety, anger [measured using the POMS], physical functioning, and pain [measured using the SF-36]). Although fatigue is a multidimensional symptom, fatigue is not a defining attribute of anxiety or anger. Physical inactivity, pain, and negative mood states may have a relationship with fatigue, but these variables are conceptually different from fatigue. Our purpose was to identify robust fatigue measures, so we expected to find weak correlations between fatigue and measures of these variables.
Hypothesis 3 (Discriminant Validity-Healthy Group Comparison):
In comparison to published scores for healthy adults, patients' Time 1 scores were expected to be significantly higher on the FSI Interference Scale and POMS-F and significantly lower on the SF-36 Vitality Scale.
Hypothesis 4 (Construct Validity):
We hypothesized that patients would report significantly higher scores on the FSI Interference Scale and POMS-F and lower scores on the SF-36 Vitality Scale for Time 1 compared to Time 2. This hypothesis was based on evidence that fatigue may be a prodromal or early warning symptom of MI (Appels & Mulder, 1988; DeVon et al., 2004; McSweeney & Crane, 2000) .
Method

Subjects and Procedures
One hundred sixteen subjects hospitalized for MI were recruited from six Midwestern hospitals. MI was confirmed by troponin I >0.05 ng/mL. Patients had stable hemodynamic parameters (blood pressure >90/60 and <180/100 mmHg, heart rate 50-100 beats per minute) and the absence of pain at the time of study enrollment. Subjects were able to read English and were alert and oriented to person, place, and time. An Institutional Review Board at each site approved the study, and all subjects provided informed consent. The researchers reviewed the patients' medical records to document medical history, medications taken prior to admission and during hospitalization, infarct type and location, and current laboratory and diagnostic test results. Patients completed the FSI, POMS, and SF-36 at Time 1 (n = 116) and Time 2 (30 days after hospital admission, n = 49, 42% response rate).
Instruments
The FSI, POMS, and SF-36 were selected for this study because others have reported strong psychometric properties for these measures. In addition, these instruments allow for the measurement of other variables (e.g., depressed mood, vigor, anxiety, physical functioning), which are important for psychometric testing of the fatigue measures. The FSI Interference Scale and POMS-F measure fatigue directly, and the SF-36 Vitality Scale is often used as a proxy measure of fatigue (Dickens et al., 2006; Meeske, Siegel, Globe, Mack, & Bernstein, 2005) .
FSI Interference Scale
The FSI was developed by Hann and colleagues (1998) to measure fatigue in patients with cancer and includes 13 quantitative questions and one qualitative question. The 13 quantitative questions are each answered using a 10-point Likert-type scale. We used the seven-item Interference Scale (FSI Interference Scale), which consists of Questions 5 to 11, to measure the degree to which fatigue interfered with the patients' daily activities in the past week. The FSI Interference Scale total score is summed and then divided by the number of items (7), yielding scores ranging from 0 to 10. Higher scores reflect more interference as a result of fatigue. FSI Interference Scale scores of 3 or greater on any of the items indicate clinically significant fatigue (Donovan, Jacobsen, Small, Munster, & Andrykowski, 2008) . Excellent internal consistency reliability (a = .93 to .95) has been reported for the FSI Interference Scale (Hann, Denniston, & Baker, 2000; Hann et al., 1998) , and scores were correlated with the POMS-F (r = .78, p < .01) in a sample of patients with cancer (Hann et al., 2000) .
Profile of Mood States
The POMS was initially developed to evaluate changes in mood with psychotherapy (McNair, Lorr, & Doppleman, 2005) , but investigators have also used the POMS to measure mood in patients with cancer (Hann et al., 1998; Hann et al., 2000; Meek et al., 2000; Schwartz et al., 2002; Yellen, Cella, Webster, Blendowski, & Kaplan, 1997) , in patients with heart failure (Evangelista et al., 2008; Mayou, Blackwood, Bryant, & Garnham, 1991; Stephen, 2008) , and in healthy adults (Belza, 1995; Hann et al., 1998; Lee, Hicks, & Nino-Murcia, 1991; Nyenhuis, Yamamoto, Luchetta, Terrien, & Parmentier, 1999) . In the present study, we report findings from the 7-item fatigue/inertia subscale (POMS-F, score range 0-28), 8-item vigor/activity subscale (score range 0-28), 15-item depression/dejection subscale (score range 0-60), 9-item anxiety/ tension subscale (score range 0-36), and 12-item anger/hostility subscale (score range 0-48). Higher scores on the POMS subscales reflect a greater agreement with the mood state during the past week. Adequate internal consistency reliability (a > .80) has been reported for the POMS subscales (Belza, 1995; Evangelista et al., 2008; McNair, Lorr, & Droppleman, 2005) . The POMS-F has been correlated with other fatigue measures, such as the Functional Assessment of Cancer Therapy fatigue subscale (r = -.74, p < .05), the revised Piper Fatigue Scale (r = .75, p = .01; Yellen et al., 1997) , and the visual analogue Lee Fatigue Scale (r = .78, p < .01; Lee et al., 1991) .
Medical Outcomes Study Short Form 36 Health Survey
The SF-36 is widely used in the cardiovascular literature to measure quality of life and physical and mental components of health (Colak et al., 2008; Dempster & Donnelly, 2000; Dickens et al., 2006) . The scales in the SF-36 have been recognized for internal consistency reliability and validity (McHorney, Ware, Lu, & Sherbourne, 1994; Ware, Snow, Kosinski, & Gandek, 1993) , and the SF-36 has been used as a criterion for establishing cut-off scores on other instruments (Donovan et al., 2008) . There are eight scales in the SF-36, and they correlate with the SF-36 physical component composite score (Physical Functioning, Role-Physical, Bodily Pain Scales), the mental component composite score (Mental Health and Role-Emotional Scales), or both components (Vitality, General Health, and Social Functioning Scales). An advantage of using the SF-36 scales is that the calculated scores are standardized according to norms for the U.S. population. Scores on each scale range from 0 to 100, with higher scores reflecting better functioning within the past month. In addition, norms by gender and age group from large sample sizes have been published for the SF-36 scales, making possible comparisons across populations (McHorney et al., 1994; Ware, 2000) . The 4-item SF-36 Vitality Scale has been used as a proxy measure for fatigue. Using a Likert-type scale, patients report their agreement with two positively scored items ("Did you feel full of life?" and "Did you have a lot of energy?") and two negatively scored items ("Did you feel worn out?" and "Did you feel tired?"). Like the other SF-36 scales, the vitality scores are standardized according to U.S. population norms, and scores range from 0 to 100, with higher scores reflecting greater vitality in the past month. We also used the 10-item Physical Functioning Scale and the 2-item Bodily Pain Scale from the SF-36 in this study.
Analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) version 15.0 (Chicago, Illinois). An alpha level of .05 was selected for statistical significance. Missing data were replaced with predicted values (if a subject answered at least 90% of the items in a scale). Differences between patients' demographic characteristics for Time 1 and Time 2 were compared using c 2 analyses. Internal consistency reliability (Cronbach's a) was examined for all subscales in the analyses. For Hypotheses 1 and 2, Pearson product-moment correlation coefficients (r) were calculated to examine the correlations between subscales. For Hypothesis 3, independent t tests were used to compare patients' scores (Time 1) to published scores obtained from the literature (Hann et al., 1998; Nyenhuis et al., 1999; Ware, Kowinski, & Dewey, 2000) for healthy adults. For Hypothesis 4, paired t tests were used to compare patients' Time 1 and Time 2 scores.
Results
Sample Demographics
Demographic and clinical characteristics of the sample are shown in Table 1 . Most patients were male, non-Hispanic White, and married. The mean age was 60 (SD = 11) at Time 1 and 61 (SD = 10) at Time 2. More than half of the patients had completed a high school-level education. Many patients had risk factors for MI, such as hypertension or hyperlipidemia. Patients who returned the questionnaires at Time 2 were more likely to be non-Hispanic White and to have completed education beyond high school.
Internal Consistency Reliability
Internal consistency reliability is a critical quality of a good measure and indicates that the items in a scale or subscale are conceptually related to each other. A Cronbach's alpha coefficient (a) of at least .80 for established instruments reflects adequate internal consistency (Nunnally, 1978) . Adequate internal consistency was noted for the FSI Interference Scale 
Hypothesis 1 (Convergent Validity)
We expected to find evidence of convergent validity for the fatigue measures because the three instruments were designed to measure the same construct. Using criteria published by Cohen (1988) about the strength of correlations, we expected to find moderate or stronger positive correlations (r > +.50) between the FSI Interference Scale and the POMS-F, and moderate or stronger inverse correlations (r > -.50) between the SF-36 Vitality Scale and each of the other two fatigue measures. This hypothesis was supported ( Table 2) .
Hypothesis 2 (Discriminant Validity-Correlation Matrix)
We expected to find weak correlations (<.30) between fatigue and other mood states, but we did not find support for this hypothesis ( Table 2 ). All three fatigue measures had correlations greater than .30 with the different mood states measured by the POMS (e.g., vigor, depressed mood, anxiety). Furthermore, the FSI Interference Scale scores were correlated (≥.30) with both the SF-36 Physical Functioning Scale and Bodily Pain Scale scores. Scores on the POMS-F and SF-36 Vitality Scale, however, were weakly correlated with the physical functioning scores and were not correlated with bodily pain scores.
Hypothesis 3 (Discriminant Validity-Healthy Group Comparison)
We found support for the hypothesis that patients' fatigue scores at Time 1 (n = 116) were significantly greater than scores for healthy adults published in other studies. FSI Interference Scale scores for 94 healthy adults were obtained from Hann et al. (1998) , and POMS-F scores were obtained for 432 healthy adults from Nyenhuis et al. (1999) . Normative data from 1,046 healthy adults published by Ware et al. (2000) were used for comparisons of SF-36 Vitality Scale scores. On the FSI Interference Scale, patients with MI (M = 3.2, SD = 2.3) reported significantly more fatigue than healthy adults (M = 1.3, SD = 1.4; t = 4.6, p < .0001). Consistent with this finding, on the POMS-F patients with MI (M = 12.3, SD = 7.4) reported significantly more fatigue than healthy adults (M = 7.3, SD = 5.7; t = 7.3, p < .0001). In addition, patients with MI reported significantly lower SF-36 Vitality scores (M = 45.9, SD = 11.6) than healthy individuals (M = 58.4, SD = 10.7; t = 6.0, p < .0001).
Hypothesis 4 (Construct Validity)
We hypothesized that patients would report less fatigue after MI than before MI. This hypothesis was supported for only the POMS-F, on which Time 1 scores (M = 13.0, SD = 7.4) were significantly higher than Time 2 scores (M = 9.6, SD = 5.9; paired t = 3.2, p < .003). FSI Interference Scale scores did not differ significantly between Time 1 (M = 2.8, SD = 2.3) and Time 2 (M = 2.1, SD = 1.7; paired t = 1.7, p = .09). Similarly, SF-36 Vitality Scale scores did not differ significantly between Time 1 (M = 46.6, SD = 12.0) and Time 2 (M = 47.9, SD = 9.9; paired t = -.69, p = .49).
Discussion
In this study of men and women with MI, we found that the FSI Interference Scale, POMS-F, and SF-36 Vitality Scale were internally consistent measures of fatigue, and we found evidence of convergent validity for these instruments. We did not find very strong correlations among these fatigue measures, which indicates that they measure different aspects of fatigue. We examined relationships between the fatigue measures and other constructs to better understand how each of these instruments measures fatigue. The FSI Interference Scale was the only fatigue measure found to correlate with SF-36 Bodily Pain scores. The FSI Interference Scale includes items about the effect of fatigue on mood, the ability to concentrate, the ability to perform work, and enjoyment of life, and patients with pain may report higher scores on these items. Similarly, the correlation between fatigue and physical functioning (SF-36) was stronger for the FSI Interference Scale compared with the other two fatigue measures. This finding may be explained by items on the FSI Interference Scale about the degree to which fatigue affects one's general level of activity, the ability to bathe and dress, and the ability to perform work and housework. Patients who experienced poor physical functioning in the week before MI may be likely to endorse these items with high scores, as well as report higher limitations on the SF-36 Physical Functioning Scale for their ability to perform physical activities (e.g., running, lifting, and climbing stairs). All three instruments measured the psychological aspects of fatigue. The relationship between fatigue and depressed mood was particularly strong, and anxiety was also correlated with fatigue, particularly for the POMS-F. Fatigue is a symptom of depression, and many patients with mood disorders experience both depression and anxiety. Therefore, instruments that measure depression, anxiety, and fatigue may not differentiate these moods and their symptoms completely (Bramley, Easton, Morley, & Snaith, 1988) . Similarly, feelings of anger may accompany mood disorders in some individuals, which explains the significant correlations between fatigue and anger found in this study. Scores on the FSI Interference Scale, POMS-F, and SF-36 Vitality Scales discriminated between the more severe fatigue reported by patients with MI and the lower levels of fatigue documented in other studies of healthy adults.
Considering the ability to differentiate between these groups, these instruments may be useful for clinicians to identify patients with cardiovascular risk factors who report clinically significant fatigue. Although a cut-off has not been identified for cardiac patients, a score greater than 3 on any FSI item indicates clinically significant fatigue in patients with cancer (Donovan et al., 2008) . Cut-off scores are not used to interpret POMS-F or SF-36 scores, but normative data are available for different populations (McNair et al., 2005; Nyenhuis et al., 1999; Ware, 2000) .
Using the POMS-F, we found a significant decrease in fatigue levels after MI. But this decline in fatigue was not supported on either the FSI Interference Scale or the SF-36 Vitality Scale. In a post hoc power analysis (G-power, Version 3.0.10, Universitat Kiel, Germany), we found that the power of our comparisons (paired t tests, a = .05, two-tailed) for the FSI Interference Scale and SF-36 Vitality Scale were .38 and .11, respectively. Fifty-eight percent of the sample did not return their Time 2 questionnaires, and we did not have a large enough sample to detect differences between Time 1 and Time 2 scores on the FSI Interference Scale or on the SF-36 Vitality Scale. Further research is needed to test the responsiveness of these instruments to changes in fatigue after MI.
The strengths of this study include the administration of multiple instruments to measure fatigue and the comparison of fatigue before and after MI. Limitations include the significant attrition, the lack of a prospective control group, and the omission of other variables that influence fatigue (i.e., sleep). The loss of 60% of the sample may result in some bias, and it is possible that scores may differ between patients who did and who did not return their Time 2 questionnaires. For example, patients who chose not to complete the Time 2 measures may have been experiencing more fatigue and depression. In addition, by having a single follow-up time period, we did not measure the long-term course of fatigue after MI. It is not known to what extent the Time 2 fatigue scores reflected physiological recovery or pharmacological adjustments. We did not have access to patients' medical records at Time 2; therefore, any changes in medication and medical history reported at Time 2 were according to patients' self-report.
We found evidence of strong psychometric properties for the FSI Interference Scale, POMS-F, and SF-36 in this study. Using the POMS-F, we measured a reduction in fatigue after MI, which suggests that this instrument may be more responsive to changes in fatigue compared to the other two instruments. All three instruments appear to have utility in clinical practice settings for measuring a patient's fatigue in comparison to either a cut-off score or to normative data. Although not addressed in this study, other measures are important in future fatigue research, such as sleep quality and physiological variables (i.e., medications, anemia). Future research should focus on clarifying the relationships among fatigue, mood states, physical limitations, pain, and sleep quality, as well as examining trends in the course of fatigue following MI.
